INTRODUCTION
With the development of space science and technology, a large number of micro meteor as well as space debris has become the main threat to the manned spacecraft [1] [2] [3] [4] [5] [6] . Once the space debris distributed between 200 km and 800 km collide with the spacecraft, gas leak may occur, payload cannot work normally, and lives of the astronauts may be threatened. In order to guarantee the normal operation of the spacecraft and lives of the astronauts, to strengthen its own security protection for spacecraft on-orbit is very important, and gas leak detection has become a problem for us to seriously study.
PRINCIPLE
Based on gas dynamic acoustics theory, sealing structure once occurs gas leak, high-speed airflow from the leakage becomes flow turbulent jet, inspiring a lot of sound wave signal as part of the jet noise. Gas leak acoustic emission signal spreads in the outer wall and converts to electrical signal by piezoelectric acoustic emission sensors. Acoustic emission signal is collected for leak detection and leak evaluation based on waveform characteristic parameter analysis.
Waveform characteristic parameter analysis method is a common signal processing method used in acoustic emission detection. Typical acoustic emission waveform characteristic parameters such as rise time, amplitude, RMS are the main basis of the method analysis. Because gas leak inspires continuous acoustic emission signal, wave hit, the most value and average amplitude are the useful characteristic parameters. Acoustic emission signal is a typical non-stationary signal, so single acoustic emission signal characteristic parameter is contingent. This paper introduces a method based both on feature of acoustic emission waveform parameter analysis and average spectrum analysis. Acoustic emission signal is transformed to frequency spectrum by fast Fourier transform. The average spectrum is calculated ,as shown in the type (1) . S is on behalf of the acoustic emission signal excited condition, N s is the sample size for leakage signal.
Used inverse Fourier transform, the average acoustic emission signal in time domain is got as shown in type (2): ABSTRACT: With the development of spaceflight activity of human, the number of space debris has increased dramatically. Spacecraft will be impacted by large amount of small debris in space during flight. In order to detect the gas leak in time, a new method of leak detection for spacecraft on-orbit based on acoustic emission is important. Gas leak detection technology based on the acoustic emission in the field of manned space flight has been successfully applied. In this paper, some of the latest research is introduced giving some reference to leak detection for spacecraft on-orbit. Gas leak produces a large number of acoustic emission signal, and the frequency of the signal covers multiple frequency bands. The smaller the leakage is, the smaller the signal amplitude is, but the more high frequency signal component is contained. In normalized energy distribution map, different aperture leakage acoustic emission signals have a certain similarity, but have obvious difference with pump noise signal whose frequency hand is mainly below 20 kHz. KEYWORD: Acoustic emission; Spacecraft on-orbit; Leak detect; Average frequency spectrum The method can overcome the single signal randomness, reduce the effect of random noise, improve signal-to-noise ratio of the acoustic emission signal effectively and make the analysis more statistically significant.
Wavelet packet analysis is an effective approach for the analysis of non-stationary signal, compared with wavelet transform. In this paper, background pump noise and different acoustic emission signal inspired by different aperture leakage are collected and analyzed. By research the average time domain waveform under different leakage state, wavelet package analysis of characteristics of normalized energy band are given. At last, wavelet packet frequency band is adjusted according to the frequency from low to high.
EXPERIMENT

Experiment platform
The experiment platform (seen in fig.1 
Gas leakage acoustic emission signal acquisition
Considering frequency band of the gas leak acoustic emission signal is wide, wsa sensor is used to receive the acoustic emission signal. With coupling agent, acoustic sensor are fixed on the 302 stainless steel plate, the gain of the preamplifier is set to 40 dB, Hsu -Nielsen break is used before formal acquisition to verify the performance of the acoustic emission sensors and background noise level.
Use the vacuum pump to pump air into vacuum state. When the value of type vacuum gauge is stable, differential pressure between both ends of leakage is stable. Make the acquisition of the acoustic emission signal under different leakage state, leakage acoustic emission signal samples including vacuum pump running background noise, and acoustic emission signal excited by 1 mm, 1.5 mm and 2 mm aperture leakage.
DATA PROCESS
In order to meet the requirements of online testing, acoustic emission leak detection system needs to overcome the influence of pump running noise. Therefore, the pump running noise is obtained and analyzed, and the average time domain waveform and the average frequency spectrum are shown in figure 2. From figure 2, frequency of pump running noise is relatively single, mainly distributed in below 20 kHz, which belongs to the typical low frequency signal in the field of acoustic emission. So a real-time high-pass filter is need to eliminate pump running noise and improve the signal-to-noise ratio.
The acoustic emission signals inspired by three different aperture of leakage are collected and analyzed. Average time domain waveform and frequency spectrum are shown in figure 3. From figure 3 , the acoustic emission signals inspired by three different aperture leakage average are similar both in time domain and frequency spectrum, but there are also some differences. First, along with the increase of leakage aperture, the amplitude of the leak acoustic emission signal increases significantly, from 1.5 mV when leakage size is 1 mm to 15 mV when leakage size is 1.5 mm and 25 mV when leakage size is 2mm. It shows that under the same experiment conditions, the larger the leakage size is, the greater the acoustic emission signal amplitude is. Using this conclusion, leak is detected and the leakage size is estimated. Second, the acoustic emission signals inspired by three different aperture leakage have near main component when frequency is 100 kHz. When the leakage aperture is 1 mm, 200 kHz to 350 KHZ high frequency acoustic emission signal is also inspired. The characteristic parameters of acoustic emission signals inspired by three different leakage are showed in table 2. The characteristics of signals under different conditions are analyzed by wavelet packet energy normalization. The sampling frequency is 3 MHZ, the number of wavelet packet layer is 5, and each frequency bandwidth of 46.875 kHz. Considering the frequency does not exceed the limit of 500 kHz, so normalized energy characteristics of first twelve bands is analyzed(seen in fig.4 ). From figure 4, the energy of pump noise signal is concentrated in the first two bands, and the energy in first frequency band accounts for about 53.93% of the total energy. Gas leak acoustic emission signal forms multiple energy distribution in frequency, and the energy in the second, three, five, eight frequency bands is greater. Characteristics of different gas leak acoustic emission signals have a certain similarity. Combined with the average spectrum of gas leak acoustic emission signal, the smaller the leakage is, the smaller the signal amplitude is, but the more high frequency signal component is contained.
Gas leak produces a large number of acoustic emission signal, and the frequency of the signal covers multiple frequency bands. In low frequency band, acoustic emission signal is commixed with the pump noisy, not suitable for leakage evaluation, so the high frequency part of leakage acoustic emission signal has more research value.
CONCLUSION
Gas leak detection technology based on the acoustic emission in the field of manned space flight has been successfully applied [7] [8] [9] [10] . In this paper, some of the latest research is introduced giving some reference to leak detection for spacecraft on-orbit. 1. Gas leak produces a large number of acoustic emission signals, and the frequency of the signal covers multiple frequency bands. The smaller the leakage is, the smaller the signal amplitude is, but the more high frequency signal component is contained.
2. In normalized energy distribution map, three different aperture leakage acoustic emission signals have a certain similarity, but have obvious difference with pump noise signal.
